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PREFACE

This final report describes work performed for the
Co nunications System Center, Multichannel Transmission
Division of CORADCOM by Bell-Northern Research under

Contract DAAK80-79-C-0771 awarded by Ft. Monmouth, New
Jersey. The effort was directed toward fulfilling the
objectives of Technical Guidelines dated 10 July 1978
and in general support of the U.S. Army's Fiber Optic
Development Program.

This period covered by this report is May 1979 to
November 1980.
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1. INTRODUCTION

A developiental model, hermaphroditic, 6-fiber optical fiber connector system

has been developed by Bell-Northern 1-search (BNR) under contract to the

U.S. Army Wi)Jinunications I-search and D_velolment miuand (CORADCOM)), Fbrt

MLr)noutkl, 1-w Jersey. This report details the results of the develoiient.

specificalLy, this report contains;

a) a description of the fiber aiigrient concept (section 2).

b) a description of tJhe connector jpl j and bulkhead receptacle designs

(section 3),
c) detailed installation procedures (section 4),
d) a sunnary of test results (section 5), and

e) reco iaendations concerninj final developnent (section 6).

In addition to this final redurt, the4 followinj docuentation has been

provided to CORADCOM;

a) BM T!st Iipurt TR-1D42-03-80, and

b) Elyinei ring Drawings to MiIL-D-1000, Level 1.

The iite d appLic-tioi configuration for this connector systan is

illustrted in Figure 1.1. 7 hermaphrditic p1Lu is used to terninate ioth

erds of a cable section. T'h henmaphroicity of the plitj allow the cable

assemblies to he deployed and w~ated umi any orientation. At equi[ment

locations th*e cable asseunblii-s are terminated in a bulkhead receptacle. The

receptacle accepts individual (uncabled) fibers which are connected to

opto-electroiiic trann itters an receivers.

The connector uinploys a fiber alignment concept that was developed by BNR

prior to this contract(l).



As per ontract requicements, the connector was designed for and tested with

an ITT external streryjth member optical fiber cable. Ibe cross-section of

this 6-fiber cable design is shown in Figure 1.2. Cable samples were

supplied by CORADC(M as identified in Table I.I. T]be specified and measured

fiber parameters are listed in Table 1.2.
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OPTICAL FIBERS

KEVLAR49-1420 DENIRS

POLYURETHANE, JACKIET

--- POYURETIANf INNER JACKET

- NON-IMPlEGNAIED KEVLAR*49
1420 DENIE S it YARNS

OUtEn PLyU!IWI=IANE JACI(ET

OPTICAL FIBER O.. .94 #AM
AII- DIMENSIONS IN MM

-i.'-----3.-

-< 4 .3 7

6.35 MAX

FIGURE 1. 2: IT CABLE C(NSTRUCION
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TABLE 1. 1: ITT CABLE SAMPLES F1DM CORADCCM

Cable Mininal Usage

Identification Length

120378-ZA-II 500 m Initial developnent and

investigative testing.

030279-MA-2 310 m Ievelopment testing and formal

test prograin. Terminated with

connector plugs ard returned to

COMDCO1.

020979-MA-2 310 m re-nninated with connector plug

aid returned to ORALC)M.

022679-MA-2 310 m Trmninated with connector plug

and returned to (OADCOM.

-5-



TABLE 1.2: 1I'I FIBER PARAMETERS

Parameter Specification ILported by 1wT or

Measured by BNR

Index Prof ile Graded

Core Diameter 56 + 6 Pm 55 to 64 ,um,

maxiimnu ovality of 4 tmz (1)

Claddir 3 Diameter 125 + 6 jun 119 to 131 Aun,

maxirnim ovality of 4 p]m (1)

(Wre/Cli i j not specifid

Concentr ic ity

Nutierical 0.2 0.15 to 0.21 (2)

Ape-rcture (N.A.)

sufter Jdcket Dicaeter 940 + 7 "n up to 1000 -Lm (1)

Buffer -Jacket Material Hytrel oNer silicone

Nbte: (L) W-asured by BNR. T1hese are spot-check measurements and are not

necessarily representative of all fibers.

(2) Reported by ITr.

-6-



2. FIBER ALINM fr PRflECIPLE

The fiber interface consists of two ferrules vid a fornied VEE-groove

alignent member as shown in Figure 2.1 (a). The ferrule is a stainless

steel tube formted to produce, sinultaneously, a flange and a key. The

alignent nionber is blanked, foned, precipitation-hardened berylliun copper

sheet consisting of a rigid Vee and two spring tabs, integral in the same

part.

Positioning of the fiber in the ferrule is accunplished by casting an

aligrvnent bore inside the ferrule as illustrated in Figure 2.1 (b). The

position of the alignnent buore in the ferrule is controlled by means of a

ferrule castiirj fixture. The fixture has two VEE sections in a fixed

relationship with one another. Section 'a' nolds the end of the ferrule and

section 'o' suppirts a steel marel. The outside diaeter of the end of the

iiandrel is slightly larger (1 to 2 )jnt) than the outside cladding diameter of

the fiber. A low melting pint metal (Cerrocast) is then injected throujh

the casting port. After cooling and solidifying (a few seconds) the mandrel

is withdrawn, leaving a cast aliyrnment bore which is a close fit to the

fiber. The developnental model ferrule casting fixture is shown in

Figure 2.2. Because all of the ferrules are cast on the same (or identical)

fixtures, the fosition of the il ignment ;are in each ferrule with respect to

the fixture surfaces 'a' is identical, irrespective of the variation in the

outside diaieter of the ferrules. In the connector the Vee groove in the

atigrnent member duplicates the surface 'a', thereby aligninj the bores of

the two ferrules which will contain the installed fioers. That is, dimension

'c' is accurately transferred frun the castirnj fixture to the mated ferrules

in a conniector with no tolerance build-up di. to viriations in ferrule
d ianeter.

Sfu,.titry about the vertical centerline is es:iemtiaL for proper fiber-to-fiber

aLigrnent. his is achieved by fixij the rotational orientation of each

ferrule key and by fixing the rotational orientation of the aligrinent menber

usitng an orientation sleeve within tme! connector body; that is, tie two

ferrule keys and tie aliginent menber .ire all ield in a fixed rotational

orientation.
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FIGURE 2. 2: FEWIRLLE (.ASTlNG FIXIIURE



3. CCMNEC'OR CONFIGURATION

3.1 Plj

The interconnection of cable sections is accUaplished usilg the

herinaphroditic pluj assembly, shown in Figure 3.1. Because the plujs are

identical, the cable assemblies can be deployted in any orientation. The

three-pronged mating interface contains three aligraent menders. The

interface is keyed to pemit matiry in only onxe orientation. A white dot on

each matinj interface iniicates the correct orientation for matirg. Six

ferrules are independently spring mountte in the inner Wusing. These extend

iito the matigi interface; three into- the aLigmient mneabers and three into

the spaces between the pron s. The terrules are well protected frrn

accidental daraye by the mating interfece arnd the pluj Wusing which extends

flush to the end of the ferrules. The terrule iioirting consists of a

cunpression sprirj art] a metal clip (betm en the sprirrg and ferrule flange).

The rotational orientation of thie terrule is fixed by a keyway in the I-using

which accepts the ferrule's key. A plastic sleeve in each of th#e three

prongs of the mating interface fixes the rotational orientation of the

aL ignrient menbers.

The cable ter-mination ikirdware is attached at the rear of the inner housing

(details oelow). A cA)le strain relief nut locks the outer housing in place

over the inner liusinj assembly. A coupling nut is provided on each plugi.

Oily one is required for c-pl j-to-pluj assembly.

Thu fibers are luoj within the pluj housing to provide slack fiber. Tis

pemlits repeatd tiber end preparation (when required) during installation of

the ferrules ind alsu illows tor the repair ur replaceaent of individual

ferrules.

Access to :he Itiber ,2nds and atv nriiient inoi-ibrs tor cleanirj (when required)

is achifeved by loosenivy a sinjle screw which allows the matinj interface to

be rtA.iovNeJ.

- 10 -



Each plug is provided with a protective cap which is also ermahroditic,

permnittinj the caps to be mated when the plujs are mated, thereby protecting

them frLia cntaiiination ouriny field deployntmit.

Fiyure 3.2 shows the installed connector pluj;

(a) with the protective cap in place.

(u) with the protective cap remioved.

(c) mated in a plug-to-pluij configuration.

(d) with the matin interface ranovel to gain access to the fiber ends and

al igrlnent iienber for cleaning.

The housinys, riating interface, coupling nuts, cable strain rlief and

protective cap are nade of olack-ancxlizd aluninumn.

3.2 bulkhead Receptacle

The oulkhead receptacle, ['igure 3.3 - used to terminate the connector plug

asemnbly at an equipnent location. -1 receptacle is attache through a D

hole in the equipitent panel. The watinj interface, containing three

aligynent manbers, is identical to that used on the connector plug. fle six

ferrules are spring-loaded and oriented similarly to the plug construction.

The ferrules, which are rear-inserted, dre individually dccessable for

repair, replacaent or re-arranganent. The cupliYj nut on the plugj threads

onto the receptacle to secure the mated assembly.

Eacti bulkhead receptacle is also provided with a ierraphoriditic protective

cap.

Fijure 3.4 shows the installed bulkhead receptacle;

(a) with the protective cap in place.

- II -



(b) with the protective cap removed.

(c) mnated to a plug.

(d) rear view showiny the fiber entry.

The housing, matirtg interfacye, retentioti nut at-d protective cap are made of

black-anxiizFei cilxninuu.

3.3 Features of the Connector

(a) Access to Fiber Ends

The fkerrule (and fiber) ends, andt tu aliujiviient ma3qbers are easily

accessed for cleanhiiq by loosenitij oiu screw arU] r(3tovirij the iiatingc

inter face.

b) Aur-axtactirij Fiber Dids

Each tiiter etid is si Lly (~to U) )ln) rectessw. into the end of the

ferrale. Th1is prevents fibe!r-to-fiberc corit,,ct iii the matEd cond~ition

anitu vuius d(Ltae to the tiber ends.

(c) Slack Fiber

ivi excess of tiber can be* store-d within tie wimnector. Ibis allows for

rejketel- tibe--r ewx prejuration (which is often reqjuired because of the

inr-onSisteft cleavingj characteristics of I-Lbers) without having to

replace ferrule s durir-j instalLitiori. 'IW! stadck ala) gives ready access

to individuail ferrules tor re:jair o.r rQ-arrdnyrjonent.

TIhe outside tdia4ete r ot Uie cxotinectior plurg is onxly 3.8 ati (1.5 in) and

thle pluj lensjti is 11.7 u.a (4.1) in). Trhe bulkbict receptacle has a very

flat profiLe behmi tne oqupijLitiet jine1 (i.e. occupies very little

Sj.~ice) .



Cable

Cable _____________________
Strain Relief

Looped A

Fibers

Coupling
Nut

Protective 3. c

Mating
Interface

Ferrule

Buffered _______________________________
F iber

Orientation
Sleeve

Alignment
Member

Ferrule Key

Ferrule Flange

Clip

Compression
Spring

Inner - _________________

Housing

FIGURE 3.1: CON'N1EC UR PLUG
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()PAJrLCT[VL CAP Mb PLACE

(b) PioJrL~CIVE CAP RD)NED

FIG3 URE 3.2: CCNINECT(DR PLUG
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()MA~TED: PLUG-TO)-PLUG

(d) MATINGX INTERFACE REMOVED

FIGURE 3. 2: CONNECrUOR PLUG
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Equipment
Panel

Mating -

Spring_____
Retainer

Compression
Spring

Fibers

Retention /
Nut

Protective ________________

Cap

FIGURE~ 3. 3: B3ULKHEADJ ICICEV1ACLE

16-



()PIlYPECTIO., CAP IN PLACEl

(b) PIM)LXTIVE CAP REMO)VED

FIGURE 3.4: BULKHEAD RECEPTACLE
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(c) WPEAD 'lu PLUG

IiI

(d) MFAR VI W

FIIRE 3.4: BULKHEAD RECEF'ACLE
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(e) Seal ing

The connector piuj and bulkhead receptable are sealed against 1nvisture

ingress in either the iated or urinated corK/itions (with the protective

cap in place). his is accoaplished using '0'-rings and a sealing tape

within the plug's cable strain relief.

(f) Hermaphrditic Protective Cap

The protective caps can oe %iated to jether when two plugs or a plug and
bulkhead receptacle are mated. This prevents contamination of the

internal cavity of the caps.

(g) AJaptability to Fibter and Cable Changes

The connector dianeter can be increaseu it necessary to accoinciate a

fiber with a larger lossless Oerxing radius (i.e. smaller N.A.). The

cable termination is readily adaptable to evolutionary modifications in

the external strervjth inemer cable djesign. The cast ferrule is easily

adapted to chaiNes in flber cladding diameter with oily a simple change

in tOolirK.

(h) Rear-insertion R rrules

The ferrules in tie oulkhead receptacle are inserted and removed trum

the rear. This pemits removal of individual terrules for repair,

replacement or re-arrangEnent without having to remove the entire

cons lec tor.

- 19 -



4. CCNNECTOR INSTAlLATION

4.1 acuipment

The equipient listed in Table 4.1 is required to coplete the installation of

the connector pluj ard bulkhead receptacle.

4.2 Fiber Installation

4.2.1 General

The equipment and procedure used to install d fiber i the connector ferrule

is identical for both the pluj and bulkhead receptacle. The equipient and

procedure are described in this section. The sequencing of this operation is

detailed in the followimj sections.

4.2.2 Ferrule Installation Fixture

Installation of a fiber into a terrule requires the use of specialized

installation fixture, illustrated in Figure 4.1 (a). lhe main components of

this fixture are a ferrule retention clamp, a retractable fiber positioning

rod ard a fiber clamp.

4.2.3 Procedure

The following procedure is used tu install a fiber into a ferrule. The

bracketed nunbers in this sections refer bo the equipmient item nunbers in
TaIble 4. 1.

(a) set-up the ferrule installation fixture (1) as follows.

Draw back and lock the fiber positioniNg rod. Lower the fiber clamp.

Place a ferrule into the fixture and hold it in place with the retention

claip (Figure 4.1 (b)).

- 20 -



TABLE 4.1: EUIPMET FOR CJH4EC R INSTALLATION

Iten Description Function

1. Ferrule installation BNR drawing number To position and retain

fixture 1D42 - 1507 the fiber with respect

Figure 4.1 to ferrule

2. Hot plate Cornirg PC-351 or 9b accelerate curiny

equivalent of the epoxy used to

bond the fiber into

the ferrule

3. Epoxy adhesive Hysol Epoxy Patch rb bond the fiber into

Kit (2-part) the ferrule

4. Mixij sticks Flat wxJen sticks To0 mix 2-part epoKy

5. Mixing plate Flat, shooth clean To0 mix 2-part epxy

,ueta! or glass

surface - 5 au x 5 an

6. Cottun swabs Q-tips or industrial '1b clean fiber ends

quality ootton swabs

7. SiLicone softening M-Pyrol made by T2 reinove residual

agent GAF Corporation silicone material fran

140 West 51st St., stripped fiber

New York

8. Organic solvent Methanol or denatured 9b clean fiber ends

ethanol

-021 -



TABLE 4.1: EQUIPMENT FUR CONNECTOR INSTALATION (Wn't)

Itea Description Function

9. Fiber stripper Nb-Nik (0.010 in) TO renove protective

Clauss Fresnount, USA jacket fran fiber end

or other suitable tool

10. Fiber cleavinj tool Any coinercially - 9b provide a snooth

available equipment s-iioth flat end face

capable of providing on the fiber after

a cleaved length of stripping and [xior to

6 nn with an end installation in the

angle of 30 or better ferrule

(Figure 4.2)

11. Knife Any cxviiierical brand 1b cut cable sheath

12. Scissors Any caniterical brand To trim cable strength

metbers

13. 7/16" wrench Any comercial. brarid lb tighten cable

or adjustable wrench termination into plug

housing

14. 3/4" wrench Any cxnnerical brand 9b tighten cable

or adjustable wrench strain relief unto

plug housing

15. 9iiall screw driver Any comerical brand 9b attach ferrule
retainer to oonnector

bulkhead receptacle

- 22 -
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VB1E 4.1: ELUIMRVE FUR CCNNECTOR MSTALLATION (0bn' t)

Item Description Function

16. Medim screw driver Any cxxnercial brand To attach (or remove)

mating interface

assembly to coiector

pluj or bulkhead

receptacle

17. 1 3/4" wrench Custcm made or Io attach connector

ciomercially available bulkhead receptacle to

equipment panel

18. 2 1/64- Custm made or T attach connector

oxnmercially available bulkhead receptacle to

equipnent panel

19. 4" needle-point Any ccanercial brand To facilitate

tweezers installation of

ferrule retention

mechanism in connector

p1 Ug -
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er-rule Retetio Clamp

Fibererrule Retention Clamp Fiber Positioning Rod

_ M o vem e n t

I I- C Of Knobs

Ferrule Retention
Clamp Knob

12.9 cm _-

FIGURE 4.1 (a): FERRULE INSTALLATION FIXTURE
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(b) EERULE LOCATED IN F IXrURE

(c) FIBER INSERTED THROUGHI FERRUU,,

FIGURE 4.1: FERRULE INSTALLATION FIXa'URE

-25-



(J) FIBER2~ ICECF;'S1:'D (N CE!d-O IkND CLAIP-)

F'IGURE 4.1: FEW~UL2 INSTLLLATX F'IXT URE~
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(b) Strip approxiinately 2.5 an of the fiber coating fron the end of the

fiber using a suitable stripping tool (9).

(c) Cleave the end of the fiber with a suitable cleaving tool (10) to

produce a bare fiber lerngth of 6 m between the cleaved fiber erd and

the end of the stripped coating. The fiber end angle should be smooth

and a imaxinum of 3. An interferumetric technique 2 can be used bo

confirm the quality of the fiber end preparation.

A prototype BNR tiber cleaving tool, illustrated in Fiyure 4.2, was used

for fiber preparation durinj this developnent. It works ot the

"uend-tension-score" principle 3 . The cleaving tool was ad3usted for
optitui performance withi the ITT fibers.

(W) Clean the bare fiber ed by uippinj into a silicone suftening ajent (7)

and then wipirrj the bare fiber enJ with a cottun swab (6) soaked in

solven-t (8).

(e) Mix a suall portion of the epoxy adhesive (3,4,5) and apply the adhesive

aloing the sides of the bare fiber and onto the coating. 1he adhesive

should not cover the end of the fiber.

(f) Insert the fiber end thironh the ferrule in the installation fixture (1)
until the cleaved end extends beyond the end of the ferrule

(Fiyure 4.1 (c)).

(g) Clean the fiber end with a cotton swab (6), soaked in solvent (8).

(n) Unlock the fiuer pusitioning red arr advanoe it to slowly push the fiber

back into the ferrule.

A mall protrusion on the end of the ljsitlonimg rod insures that the

fiber end is slightly recessed (5 to i0 pm) with the ferrule.

(I) Claup the fiber in place (Figure 4.1 (d)).

- 27 -
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(b) Strip approxinately 2.5 an of the fiber coating from the end of the

fiber using a suitable stripping tool (9).

(c) Cleave the end of the fiber with a suitable cleaving tool (10) to

pruduce a bare fiber lernjth of 6 mu between the cleaved fiber end and

the end of the stripped coating. The fiber end angle should be smooth

and a i,,ixinum of 30. An interferumetric technique 2 can be used to

confirm the quality of the fiber erd preparation.

A prototype BNR tiber cleaving tool, illustrated in Figure 4.2, was used
for fiber preparaticn durinj this develoiment. It works ai the

"bend-tension-scoe" principle 3 . The cleaving tool was ad3usted for

optituit performance with the ITT fibers.

(c) Clean the bare fiber end by uippinj into a silicone -fiftening ajent (7)

and then wipiag the bare fiber end with a cottun swab (6, soaked in

solvent (8).

(e) Mix a sall portion of the epoxy adhesive (3,4,5) and apply the adhesive

along the sides of tle bare fiber and onto the coating. The adhesive

should riot cover the end of the fiber.

(f) Insert the fiber end throjh the ferrule in the installation fixture (1)
until the cleaved end extends beyond the end of the ferrule

(Figure 4.1 (c)).

(g) Clean the fiber end with a cotton swab (6), soaked in solvent (8).

(n) Unlock the fioer positionigj rod and advance it to slowly push the fiber

back into the ferrule.

A small protrusion on the end of the positionig rod insures that the

fiber end is slightly recessed (5 to 10 M) with the ferrule.

(i) Clviip the fiber in place (Figure 4.1 (d)).
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FIGURE~ 4.2: BNR FIBER CLEAVING 'IIX)L
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Fiber Ferrule Cast Material

7 ~~Adhesive Over

Key___5-1________ Fiber

6 mm- Bare Fiber

23.4 mmn

FIGURE 4.3: OCS-SECTION OF' ThSTAILED FERRULE

FIGURE 4-*4: FERRULES AND ALIGNME~r MEMBER
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(j) Place the installation fixture on a hot plate (2), (adjusted to heat the

ferrule to approxiinately 90*C; temperature control set to "low") and

allow the epoxy to cure for 15 minutes.

(k) F4nove the installation fixture fran the hot plate aid allow to cool for

approximately 5 minutes before removing the ferrule.

A cross-section of the completed ferrule installation is illustrated in

Figure 4.3. Samples of the ferrules and aligrfiaent member are shown in

Figure 4.4

4.3 Pl a

Thne procedure for installing the connector plug to the ITr cable is as

follows. Tie bracketed riwubers in this section refer to the equipment item

nunbers in ULble 4.1. The connector hardware items and their relative

positions are illustrated in Figure 4.5.

(a) The ITT cable end is prepared, as illustrated in Figure 4.6, by rmoving

the outer ard inner sheaths (11) to access the fibers and the strength

atembers.

(o) The fiber ends are prepared aid ferrules installed per section 4.2.3.

(c) Tie cable strain relief, protective cap sub-assenbly, outer housing,

coupling nut, coiolintj nut washer and three of thie cable termination

pdrts (clamp nut, washer and seal) are placed over the prepared cable

end, in the sequence listed (reference Figure 4.5).

(d) The cable termination is completed, as illustrated in Figure 4.7. The

internal sleeve is placed on the end of the outer sheath. The Kevlar

strands are folded back over the tapered outer surface of the internal

sleeve. The external sleeve is placed over the Kevlar strands, trapping

them between the two sleeves, and the Kevlar strands are trimmed (12) to

the end of the sleeve assembly. The fibers and cable termination
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Outer Sheat nner Sheath

evlar Strength Members ibers

- ,. 8m Max.

30mm Min.

- 30 cm

FIGURE 4.6: CABLE PREPARATION
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hardware are fed through the rear of the inner housing. The clamping

nut is threaded inbo the housing ard tightened (13).

(e) The ferrule canpression springs are loaded into their chambers in the

inner-housing.

(f) In turn, each fiber is looped in the inner housing and the ferrule

inserted throujh the cumpression sprinj into the mating interface,

insuring that the ferrule key enters the keyway in the housing.

1he clip is inserted by ccmpressing the spring away fran the ferrule

flange (18) and placing the clip between the flanje and spriny.

Figure 4.8 idicates tie relative positioning of the terminated fibers

to insure channel pair continuity irrespective of the nuirer of cable

lengths used. This is accomplished by transpusing each fiber in each

cable length between the wated connector channel pairs (ie fiber A is

located in channel I at one en and in channel 2 at the opposite end).

(y) The connector is closed by riflzing forward the coupling nut washer,

coupling nut and outer housing (reference Figure 4.5). The washer is

placed wer the outer housing, the coqpling nut threads eagaged and the

outer housing rotated until the pin at the rear of the inner housing is

felt to be engaged.

(n) 7he sealing tape is applies over the cable termination clamp nut.

(i) The protective cap sub-assemuly am] the cable strain relief nut are

brought forward and tightened (14).

(j) The protective cap is installed over the mating end of the connector.
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4.4 Bulkhead 1Cceptacle

The procedure for installing the bulkhead receptacle fibers is as follows.

The bracketed numbers in this section refer to the equipnent item nunbers in

Table 4. 1. The connector hardware items and their relative positions are

illustrated in Figure 4.9.

(a) The receptacle sub-assembly is located in the D-hole in the equipment

panel (17).

(b) The fiber ends are accessed to .rovide approximately 30 am Wo 45 am.

(c) lie fiber err!s are prepared an, ferrules installed per section 4.2.3.

(d) In turn a ferrule retainer and caupression spring is placed over each

ferrule onto the fioers. A clip is placed between the ferrule flange

and the copress ions spring. The ferrule is loaded into the rear of the

receptacle, insurirnj that the ferrule key enters the keyway in the

housing. Ilie spring and ferrule retainer are broujht forward and

secured in place (15) with the retention screw.

(e) The protective cap is installed wver the mating end of the connector.

4.5 Mating Procedure

4.5.1 Plu-to-PlLj

(a) iemove the protective caps frum both plugs.

(b) Mate the interface assemblies by aligninj the white indicator dots (the

interfaces are keyed, to mate in only one orientation).

(c) Rbtate either one of the knurled coupling nuts to the rear position.

- 36 -



1...

4-'

[1
S- II -

II- -_n a)

0) <U E

Li
4--'

4A3

0) V

I A37



(d) Notate the renaining coupling nut onto the threaded section of the

mating plug and tighten firmly. The coupling nut fully tightens in

approximately 2 turns.

(e) Mate the protective caps using one of their coupling nuts.

4.5.2 Pluy-to-Neceptacle

(a) efimove the protective caps from both the pluy and bulkhead receptacle.

(0) Mate tKe interface asseabiies by aligniaj the white iriicatur dots.

(The intertace,, are keyed to mnate in only one orientations.)

(c) kitate the plnj oupling nut onto the threaded section of the mating

pluy and tighten firmly. The coupling nut fully tightens in

approximately 2 turns.

(d) Mate the protective caps using one of their coupling nuts.

- 38 -
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5. TESTING

5.1 Introduction

A testing prograti was conducted on the developnental model connector in

accordance with a test plan approved by CORAXLOM. The detailed results of

this testing have been reported to CORADC)! in TR-1D42-03-80 (July 1980). A

sunlnary of these results are presented in this section.

5.2 TLst Sequence and Test Samples

Two connector asseiiiblies were used for the test proxraji. The tests and test

sequence on each sample are outlined in Table 5.1.

5.3 Coupling Loss (Insertion Loss) Measuremnent Method

The equipnent arrangement for the couplirg loss test is shown in Figure 5.1.

The light enitting diode operates at a wavelength of approximately 0.83 pUm.

Permanent attachnent to a fiber pigtail insures that the light launching

conditions are stable for each test. The length of fiber inserted before the

test cable is re(quired to condition the light distribution within the fiber

core. The graded-index conditioning fiber has the name nominal core and

clacdintg diameters as tie fibers in the test cable.

Am equilibrium or steady state mode distribution in low-loss, graded-index
fibers is achieved only atter transmission through several kilometers of

fiber. The use of this much fiber is not practical for test Purposes. Te

use of shorter fiber lengths with non-equilibriun mode distributions

generally results in higher insertion loss measurenents because of the

relatively greater content of high order modes. Therefore a connector
passing the insertion loss requirements under these test conditions can be

expected to equal or exceed the test performance wfen installed in longer

cable lengths.
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TABLE 5.1: tST SAMPLES AD TEST SEUENCE

SAMPLE A SAMPLE B

Obnnector WOnfiguration two plugs one plug ard one

bulkchead

receptable

Iest Sequence 1. cbupling loss 1. WupliI3 loss

2. Cotpling nut 2. Goupling nut

rotation rotation

3. Mating durability 3. Mating durability

4. Wupling nut 4. (bupling nut

rotation rotation

5. Strain relief 5. Flexing strength
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Note, however, that the results of an insertion loss measurement do not

account for the additional losses expected when different fibers of the same

design are ogpled throujh a connector. The magnitude of this fiber mismatch

loss is dependent upon the variations in core diameter, cladding diameter,

nunerical aperature and index profile.

5.4 Sumnary of Mast fesults

The develolnental model connector has successfully met the ountract

requirements as evaluated by the contract test plan. Table 5.2 is a summary

of the test requirements, methods and results.

5.4.1 Cupling toss

Because of the wide cladding diameter tolerance range (119 Lin to 131pum), two

ferrule bore diameters were used (127 Prn arid 133 jum) to limit the transverse

offset between iiating fibers. The tiber cladding diameters were measured at

the time of installation and a ferrule selected based on the measured

diameter. The same ferrule bore diaimeter was used for both fibers in any one

channel of the connector. The average insertion loss on Sample A

(pluj-to-pluj) was 0.9 dB and the average insertion loss on Sample B

(plug-to-bulkheau receptacle) was 0.8 dB. All channels on both assemblies

were less than the specified 1.5 dB.

The wide range of coupling losses, 0.4 dB to 1.4 dB, is indicative of the

combined influence of the large nunber of paraneters within the fiber

specification and the connector design (incluing fiber ead preparation).

The paraaeter generally considered to be the must significant is transverse

offset between the fiber ends. The factors contributing to this include;

(a) the misnatch between the ferrule boLe diameter ari the fiber cladding

diam.eter

(b) ntisaligrinent of the ferrules due to tolerances in the connector
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(C) cality of the fiber cladding diameter, and

(d) eccentricity between the fiber core and cladding.

Other significant paraeters include;

(a) misnatch of core diameters (which can occur during remating of the same

fiber as the core diameter can very within the length of fiber removed

during fiber preparation),

(b) quality of the fiber end preparation (angle and flatness), and

(c) ert] separation between the fibers, (an order of magnitude less sensitive

than transverse offset).

(d) axial tilt Letween the fibers, and

(e) inisiiatch of nuimerical aperatures (which also could occur during remating

of the sane fiber).

As wuuld be expected with the large number of pjaramieters involved, there is

no direct correlation between the coupling loss and the inismatch between the

ferrule bore diameter and the fiber cladding diameter.

Because of the reported low N.A. of 0.15 on fiber 6, a series of bending

tests were performed to determine if the looping of slack fiber in the

connector plug was contributing W the loss. The tests were conducted using

the test set-up, shown in Figure 5.2. It is essentially the same as the

equinient used for the insertion loss measurement. Two 2.5 an (1 inch)

diameter loops were made at locations (a) and (b) an the test fiber and at

location (c) on the 0.17 NA pigtail fiber for comparison. The loop diameter

in the connector is approxiunately 2.5 an. Location (a) is the approxiinate

position where the connector was installed during testing. )gain, for

canparison purp.)ses, the tests were conducted before and after the
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cladding light strippers were in place. The results are shown in Table 5.3.

The signal drop with the addition of the epoxy strippers was 30.4%.

These results are unusual in two respects:

(a) 9he 0.15 NA ITT fiber, (a) and (b), exhibits no bending loss at the 2.5

an loop dianeter onpared to a ninally higher NA, fiber (c).

(b) Although the addition of the strippers caused the signal to drop 30.4%,

indicating that cladding light was present, it made very little

difference in the sensitivity to bending.

A possible explanation would be that different methods of measuring NA have

been used.

In conclusion, there was apparently no significant loss due to fiber bending

in the connector witd the ITT cables supplied by CORADCOM. However, the

unexpected insensitivity to bending warrants clarification.

During end prejpration, the fibers exhibited variable cleaving

fiber. The ends were cleaved to achieve a maximan end angle of 3 degree as

measured on an interferometer 2 . The cleaving tool used was a model of a

BNR design (Figure 4.2) which was adjusted to optimize its performance with

the ITT fibers. Some fibers regularly yielaed acceptable end angles while

others requireu considerable recleavitg. Variations in the cladding diameter

and residual stress patterns in the tiber are th)ught to contribute to this

pherincmenon. Fibers frum other manufacturers also exhibit similar

characteristics.

As a consequence of these variable cleaving characteristics, the length of

fiber stored in the connector plugs varied from 6 inches to 18 inches (15 cm

to 45 an).

-46-
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MLBLE 5.3: BENDING W)SS TMSTS CN IOW NP FIBER

Without Strippers With Strippers

Loop Dianeter (dB) (dB)

(2 loops) (a) (b) (c) (a) (b) (c)

2.5 an (1.0 in) 0.01 0 0.23 0 0 0.18
1.6 cm (0.625 in)I 0.02 0.02 1 0.37 0.03 0.02 0.45

1.0 011 (0.375 in)l 0.08 0.12 0.64 0.15 0.12 0.79
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The insertion loss of the connector can be reduced by decreasing the

transverse offset between the fiber aid the ferrule bore diameter. This can

be acconplished by tightening the tolerance on the cladding outside diameter

(presently + 6 jum) which in turn will pemnit the use of a single ferrule bore

diameter on all fibers. Provided that a reduction in cladding diameter

tolerance is acc anpanied by a reduction in core dianeter tolerance (presently

+ 6 Ain), there is a yood prospect of achieviny less tan 1 dB insertion loss

per channel.

It should be noted that under field conditions different fibers of the same

specitication will be nated. Consequently, mismatch in core dianeter and

nunerical aperature will produce higher average and worst case losses across

a connector, irrespective of the ability of the connector to align fibers

with significantly different cladding diameters. This will be counteracted,

at least pdrtially, by the inure favourable steady-state transmission

characteristics expected in long links (ref. section 5.3).

5.4.2 Durability

The intention was to relnate the connector pluys i000 times then clean the

connector ard pertonn a final reniating. However, after 500 rematings the

loss on one channel (4) nad increased to 1.9 dB. Exanination revealed an

accunulation of wear particles, fron the berylliun copper aligrinent member,

ad3acent to the ferrule contact area n the alignment ineaber. Some of these

particles had becue imib .dde in the ends of tht:! ferrules. on channel 4

particles could be observed at the end of the tiber. Similar wear was

observed oni all channels. After cleaning, channel 4 improved to 0.5 dB,

compared to its initial reading of 0.4 dB. The other channels (with the

exception uf channel 2) showed modiest loss improvements as a result of

cleaning.

The improvunent in loss withi cleaning indicates that the loss increases were

caused by the contaninatirj wear particles rather than increased transverse

offset produced by wear. During rematings, one ferrule remains in the

aligniment menber while the other enters and withdraws. Depending upon the

initial positions of the fibers in the ferrule bores, the wear could cause a
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slight improvenent in loss if the fibers were being brought into aligment as
a result of wear on one half of the alignment inember.

AT 1000 remiatings the average loss of 0.9 dB did not change as a result of

cleaning. jain channel 2 increased in loss after cleaning. This increase

fru-n 1.0 dB to 1.4 dB (the initial value before rematings) is probably de to
increased sensitivity to loss variations as the amuit of transverse offset

increases. This is illustrated in Figure 5.3 which is a representation of

transverse offset versus loss. Specific loss and transverse offset values

are not noted as this data for the IT.V fibers is riot available. The I-ossible

chanje in transverse offset as a result of rematin] the connector is

represented by the quantity 'd'. This variability is due to the fact that on

rtnatin-j the connector ferrules and aliyrmezit matiber will not take exactly

the sade relative ixpsitions. A connector channel operatirj in region I will

sliw less variabLiLity on ranatinj than a channel opelratin in region 2 (ie.

at mxninalLy higher losses) oecause of the increased slolje of the curve.

arig cleaningj, the matin interface containig the aligjrnent inenbers is

re;ioved, thereby withdrawing the terrule that is normrally stationary during

rernatijs. 1he reseating of this ferrule after cleaning can produce

Wdditional misaligrient resulting in an increase in insertion loss. The

subsequent re~iating of the connector causes an improvement in alignment ari

loss.

Design malifications to uWprove mating durability are outlined in section 6.

Tlhe cleanimj procedure for the ferrules involved the use of a cottai swab

soaked in methanol. A "dry" cleaning method wisn't usedi. EXIprience has

established that a dry material (brush, cloth, etc.) leaves dust particles

and consequently trequent recleaning is required. Water wes not used because

it can leave a residual tim arij it dries (evapxrrates) very slowly. Methanol

uoes not leave a film and it evaporates qjuickly.

7he aliunment reubers in the itatinj interface were cleaned with a dry pipe

cleaner.
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5.4.3 Vibration

The conniector assembly withstood the vibration cycling (12 cycles on each of

three mutually perpendicular axes) withorut any change in tranisnitted signal

strength.* The coipl ing nut remained tight after the upletion of the test.

M) significant resonances were found. !:aue wear to the plastic orientation

sleeve which holds the al igriuent itieber was observed after the vibration

cycling. Loose particles were generated by tbe rubbingq of the aligment

memiber against the orientation sleeve. The orientation sleeve would still

function properly after vibration cycling but ti-e particles could cause

contanination of the ferrule ends during sub.sequent reinatings. These

particules can be easily reaiuied during cleaning.

Design ixicrification to ij-,prove the wear characteristics are outlined in

section 6.
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6. (2'CN~CUJSU1'JS AND REOUAT(NS

6..1 'The deveilopinental irnzJel, hermaphrditic, 6-fiber optical fiber onnector
has dawnstriatl the poutential to functia-i in adverse enviroriuents

typical of tactical field applications. The connector has successfully
met the specific perfonnarxce recluiraitents of the contract as evaluatedi

by the test plan.

0. 2 t-4ear in the dJeve-lopiental madels duriog testing involved;

a)the jent-ition of luxu* 1.,-rtic~es truti the atigtinent i,,ieber by the

t-)) the2 gc'I14,tUXIi Qt louse pirticles traui the- aligrinent utc~nber orientation

sb-:fvv by the il igniment uenber during vibration cyci ingj.

IWriiij final d*evelUpu~it, tl-x- wei can be rcduccd withi relatively minor

CtkiI'1kj(os to tile COU111ctuL.

VTe Lewmatiny wear oni the aligrvinent iienher cdn be reduced by decreasing
the spring lodd exerted by the aligritieumt on the ferrule. This can
I ikely be achieved without degradin~g the pexrforiiiarice of the al igrnent

iinibe),r urxier vibration.

The vibration w*ar onx the orientation sleeve can be reduced or

eliminiated by changiing fraii a thermioplastic material to an elastaiieric

i~iaterial for this part. The tclastotiteric Imaterial will deflect during

uibration, thteby avoidipg rubb)iin with the aliyrunent member.

6.3 w*ductions in average and rmaxiinun coupling loss (insertion loss)
experienced undJer field coriiitions (wfiere mismatched fibers are mated in

the coninector) can be achieved by reducing the tolerance an the fiber' s
core ard claddingj diaueters, ari by reduciag the allowable variation in

naiiecical aperature.
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Ihe use of a single ferrule bore diameter would also result frca tighter

control of fiber dimensions.

6.4 The cable and fiber specification should be fixed prior to final

connector development. This will insure cczpatability between the cable

and connector.
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